Abstract Neocryptotanshinone (NCTS) is a natural product isolated from traditional Chinese herb Salvia miltiorrhiza Bunge. In this study, we investigated its anti-inflammatory effects in lipopolysaccharide (LPS)-stimulated mouse macrophage (RAW264.7) cells. MTT results showed that NCTS partly reversed LPS-induced cytotoxicity. Real-time PCR results showed that NCTS suppressed LPS-induced mRNA expression of inflammatory cytokines, including tumor necrosis factor α (TNFα), interleukin-6 (IL-6) and interleukin-1β (IL-1β). Moreover, NCTS could decrease LPS-induced nitric oxide (NO) production. Western blotting results showed that NCTS could down-regulate LPS-induced expression of inducible nitric oxide synthase (iNOS), p-IκBα, p-IKKβ and p-NF-κB p65 without affecting cyclooxygenase-2 (COX-2). In addition, NCTS inhibited LPS-induced p-NF-κB p65 nuclear translocation.
Introduction
Inflammation is a complex reaction of the systemic immune vascularized tissues at sites of an infection, toxin exposure or cell injury and is associated with many pathological conditions 1, 2 . Commonly, inflammation was accompanied by the activation of various immune cells such as macrophages, neutrophils and lymphocytes. Particular, macrophages play important roles in the regulation of inflammation and immune response and are involved in various disease processes [2] [3] [4] . Activated macrophages secrete lots of inflammatory mediators such as nitric oxide (NO), which are produced by inducible nitric oxide synthase (iNOS), as well as inflammatory cytokines such as tumor necrosis factor α (TNFα), interleukin-6 (IL-6) and interleukin-1β (IL-1β) [5] [6] [7] [8] . These inflammatory mediators and cytokines are essential for host survival following infection and are also required for the repair of tissue injury. Among these cytokines, TNFα and IL-6 are known as important mediators involved in the progress of many inflammatory diseases 5 . Therefore, LPS-stimulated macrophage is a widely used model to study the inflammation and the mechanisms of action of potential anti-inflammatory mediators.
These cytokines and their genes can be modulated by activation of transcription factor NF-κB, which plays a critical role in expression of inflammatory genes. Therefore, NF-κB is crucially involved in the pathogenesis of many chronic inflammatory diseases 9 . In unstimulated state, NF-κB is presented in the cytosol, combined with inhibitory protein IκB. Specific stimuli such as LPS give rise to free NF-κB via the degradation of IκB through phosphorylation by IκB kinase (IKK) 10 . Activated NF-κB translocates from cytoplasm to nucleus and binds to promoter and modulates the expression of inflammatory genes including iNOS, inflammatory cytokines and chemokines [11] [12] [13] [14] . Most anti-inflammatory drugs have been shown to repress the expression of inflammatory mediator genes by inhibiting NF-κB activation pathway.
NO, which is produced from L-arginine by three nitric oxide synthase (NOS) enzymes, is increased in inflammation and has pro-inflammatory and regulatory effects 15 . iNOS, induced by bacterial products and inflammatory cytokines in macrophages, is responsible for prolonged production of larger amounts of NO. The experimental data support the idea that compounds inhibiting expression or activity of iNOS are potential anti-inflammatory agents 16 . Expression of the iNOS gene is regulated at the transcriptional level, notably through the action of NF-κB.
The root of Salvia miltiorrhiza Bunge (Danshen in Chinese), is a traditional Chinese herb used in the treatment of cardiovascular diseases for centuries. It was reported that the lipophilic ingredients isolated from Danshen, such as tanshinone II A 17 , tanshinone I 18 and cryptotanshinone 19 showed anti-inflammatory effect in vitro. Neocryptotanshinone (NCTS, Fig. 1A ), a diterpenoid with similar structure to these tanshinones, was firstly isolated by Lee et al. from the roots of Salvia miltiorrhiza in 1987 20 . However, its biological activities remain to be clear. In this study, we evaluated the antiinflammatory effect of NCTS in RAW264.7 induced by LPS.
Materials and methods

Reagents
NCTS (498% in purity) was purchased from ChemFaces Co., Ltd. (China). Dulbecco's modified Eagle's medium (DMEM), penicillin and streptomycin were purchased from Gibco. Fetal bovine serum (FBS) was purchased from Zhejiang Tianhang Biological Technology Co., Ltd. (China). LPS and 3-(4,5-dimethyl-2,5-diphenyl-2-H-tetrazolium bromide (MTT)) were purchased from Sigma Aldrich (USA), DAF-FM DA (NO fluorescence probe), S-methylisothiourea sulfate (SMT) and Griess reagent kit were purchased from Beyotime Institute of Biotechnology (China). PrimeScript ™ RT reagent kit with gDNA eraser (Perfect real time) was purchased from TaKaRa Biotechnology Co., Ltd. (China). TNFα, IL-6, IL-1β and β-actin oligonucleotide primers were purchased from Sangon Biotech (China). Primary antibody for COX-2, iNOS, p-IκBα, p-IKKβ, p-NF-κB p65, and second antibodies for anti-rabbit IgG HRP-linked antibody and anti-mouse IgG HRP-linked antibody were purchased from Cell Signaling Technology (USA), Alexa Fluor 488-conjugated goat anti-rabbit IgG was purchased from Invitrogen (USA).
Cell culture
Murine RAW264.7 macrophages obtained from the American Type Culture Collection (ATCC) (USA) were cultured in complete DMEM containing 10% heat-inactivated FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin. Cells were incubated at 37 1C in a humidified atmosphere of 5% CO 2 in air.
Cell viability assay
Cell viability was determined using MTT assay. RAW264.7 cells (5 Â 10 4 cells/well) were cultured in 96-well plates for 24 h after NCTS treatment with or without LPS (500 ng/mL). MTT solution (10 μL; 5 mg/mL) was added, and the cells were incubated at 37 1C for an additional 4 h. After washing out the supernatant, the insoluble formazan product was dissolved in DMSO. Then, the optical density was measured using a microplate reader at 570 nm.
Real-time PCR assay
RAW264.7 cells were seeded in 6-well plates treated with NCTS and 500 ng/mL LPS for 24 h. The total RNA was isolated and the RNA concentration was detected using a spectrophotometer. Total RNA (1 μg) was converted to cDNA and Real-time PCR (RT-PCR) was performed with PrimeScript ™ RT reagent kit. The PCR primers were as follows: TNFα: 
NO assay
RAW264.7 cells (2.5 Â 10
5 cells/mL) were cultured in 6-well plates with or without LPS pretreatment for 30 min and then incubated with NCTS (5-20 μmol/L) or SMT (15 μmol/L) for another 24 h. 50 μL of supernatants were collected and mixed with equal volumes of Griess reagent for 10 min at room temperature. Optical density was measured at 540 nm. The sodium nitrite (NaNO 2 ) was used to generate a standard curve 21 . The NO production in the cultured medium was estimated by the NO 2
The intracellular NO level was measured using a NO-sensitive fluorescence probe DAF-FM DA 22 . Briefly, cells were loaded with DAF-FM DA (5 μmol/L) at 37 1C for 20 min. Then cells were gently washed for three times with PBS. The fluorescence was detected by an IN Cell 2000 Analyser.
Western blot analysis
RAW264.7 cells after NCTS treatment were collected and the total protein was extracted. The protein concentrations were determined by Bio-Rad protein assay reagent according to the manufacturer's instructions. Thirty micrograms of cellular protein from each group was electro-blotted onto PVDF membrane following separation on 8% SDS-PAGE. The immune-blot was incubated with blocking solution (5% skim milk) at room temperature for 1 h, followed by incubation with a primary antibody overnight at 4 1C. After washed with Tween 20/Tris-buffered saline (TBST) and incubated with second antibodies (1:10,000) for 2 h at room temperature. Blots were developed by enhanced chemiluminescence (GE healthcare). Bio-Rad Quantity One Software was used for the densitometric analysis.
Immunofluorescence staining
Cell viability was determined using MTT assay. RAW264.7 cells (1 Â 10 4 cells/well) were cultured in 96-well plates for 24 h after NCTS treatment with or without LPS (500 ng/mL). The cells were then washed and fixed with 4% paraformaldehyde for 15 min at 37 1C, permeabilized with 0.5% Triton X-100 for 20 min, and blocked with 3% BSA for 30 min at room temperature. Next, cells were incubated with primary p-NF-κB p65 antibody (1:200) overnight at 4 1C, and Alexa Fluor 488-conjugated goat antirabbit IgG as a secondary antibody (1:1000) performed at room temperature for 1 h. After being washed with PBS, cells were incubated in Hoechst 33342 for 5 min in the dark to dye the nucleus. The p-NF-κB protein and nuclei will be displayed as fluorescence of green and blue, respectively. Cell imaging was simultaneously viewed on the In Cell 2000 Analyser to analysis the translocation of p-NF-κB p65 23 .
Statistical analysis
The data were expressed as means7SD and analyzed by SPSS (17.0) for statistical significance using one-way analysis of variance (ANOVA). Po0.05 was considered statistically significant.
Results
NCTS inhibited LPS-induced cell viability decrease
To measure the anti-inflammatory effect of NCTS, we treated RAW264.7 cells with three concentrations of NCTS (5, 10 and 20 μmol/L) after pretreatment with or without LPS as shown in Fig. 1B . NCTS showed no obvious cytotoxic effect on RAW264.7 cells. LPS (500 ng/mL) could significantly reduce the cell viability of RAW264.7 after 24 h treatment. NCTS could reverse the reduced cell viability of RAW264.7 induced by LPS. Furthermore, a dose-dependent manner was observed (Fig. 1C) .
NCTS inhibited LPS-induced mRNA expression of TNFα, IL-6 and IL-1β
To evaluate the effect of NCTS on pro-inflammatory cytokines, we examined the mRNA expression of TNFα, IL-6 and IL-1β. LPS treatment dramatically increased the mRNA expression of TNFα, IL-6 and IL-1β. NCTS could significantly suppresses the LPSinduced mRNA expression of TNFα, IL-6 and IL-1β. (Fig. 2) .
NCTS inhibited LPS-induced iNOS protein expression but not COX-2
iNOS and cyclooxygenase (COX-2) were responsible for the production of NO and prostaglandin E 2 (PGE 2 ) , two important inflammatory mediators. LPS treatment significantly up-regulated the protein expression of iNOS and COX-2. NCTS, at the concentration of 10 μmol/L and 20 μmol/L, could decrease the expression of iNOS remarkably (Fig. 3A) . However, NCTS showed no effect on LPS-induced up-regulation of COX-2 at all three tested concentrations (Fig. 3B) . 
NCTS inhibited LPS-induced NO production
NO is a free radical involved in the regulation of many physiological processes such as vascular relaxation, neurotransmission, platelet aggregation, and the immune response 24 . In the progress of inflammation, NO is generated by activated inducible iNOS, and participated in the innate response along with other macrophage mediators in many mammal. The cellular NO could be quickly oxidized to NO 2 À in the culture medium. In this study, we investigated the NO 2 À production in the cultured medium and the NO formation in the cells. As shown in Fig. 4 , LPS treatment induced large amount of NO 2 À production in cell supernatant. Furthermore, a timedependent manner was observed (Fig. 4A-C NO generated in RAW264.7 cells was also measured using fluorescence probe DAF-FM DA. In Fig. 4D , negative and unstimulated cell showed weak green fluorescence while LPS-treated group showed intensive green fluorescence. SMT significantly decreased the fluorescence intensity in cells. Furthermore, NCTS also decreased the fluorescence intensity in cells.
NCTS inhibited LPS-induced activation of NF-κB pathway
NF-κB is an important transcription factor in the inflammatory response. We examined the protein expression of p-NF-κB p65, p-IκBα and p-IKKβ by Western blot analysis. As shown in Fig. 5 , the protein expression of p-IκBα, p-IKKβ and p-NF-κB p65 were remarkably up-regulated by LPS. NCTS at the concentration of 20 μmol/L decreased the expression of p-IκBα, p-IKKβ and p-NF-κB p65 induced by LPS significantly (Po0.01 or Po0.05). Moreover, the expression of p-IKKβ was also decreased by NCTS (5 μmol/L and 10 μmol/L, Po0.05 ). 
NCTS inhibited LPS-induced p-NF-κB p65 translocation
To further investigate the impact of NCTS in the NF-κB signaling pathway, the translocation of cytosolic p-NF-κB p65 into the nucleus was evaluated by immunofluorescence assay. As shown in Fig. 6 , without LPS stimulation, basal p-NF-κB p65 distributed in the cytoplasm with green fluorescence and nucleus displayed as blue fluorescence by Hoechst 33342. LPS incubation induced nuclear translocation of p-NF-κB p65 as merged images indicated cyan fluorescence in the nucleus. In the presence of three concentrations of NCTS, p-NF-κB p65 translocation induced by LPS was partly inhibited, especially at the concentration of 20 μmol/L.
Discussion
Salvia miltiorrhiza Bunge is a famous traditional Chinese herb used for treating cardiovascular diseases for centuries. A series of lipophilic compounds entitled tanshinones isolated from this herb possess multiple biological activities, such as cardiovascular protection, anti-cancer effect 25, 26 . Recently, the anti-inflammatory effect of tanshinone IIA 27 , cryptotanshinone 28 , tanshinone I 29 , etc. have been documented. NCTS is a tanshinone identified from Salvia miltiorrhiza Bunge more than 30 years ago. However, its biological activities remain obscure. Here, we investigated the anti-inflammatory effect of NCTS using LPS stimulated RAW264.7 cells and firstly found that NCTS showed antiinflammatory effect.
In the cell viability assay, NCTS showed no obvious cytotoxic effect in RAW264.7 cells even at 20 μmol/L. This was different from that of other tanshinones with similar structures. It could reverse the reduced cell viability of RAW264.7 induced by LPS in a dose-dependent manner. This result was similar to that of tanshinone II A, which is one of the major extract from Salvia miltiorrhiza Bunge 30 . It has been well documented that LPS-induced inflammatory mediator production by macrophages can be attenuated by tanshinones like tanshinone I, dihydrotanshinone, cryptotanshinone and tanshinone II A [31] [32] [33] [34] . Our results showed that NCTS could significantly suppress the LPS-induced mRNA expression of TNFα, IL-6 and IL-1β. These results were consist with the antiinflammatory effects of other tanshinones 28, 32, 35 . Among inflammatory mediators, NO and PGE 2 , which are produced by iNOS and COX-2, play important roles in the innate response in activated macrophages. Our results revealed that NCTS showed excellent inhibition in the protein expression of iNOS, but not COX-2. This was different with the anti-inflammation effect of tanshinone II A and cryptotanshinone, two of major active components of Salvia miltiorrhiza Bunge. Both compounds have been shown as anti-inflammation agents by inhibiting the protein expression of both iNOS and COX-2 32 . In our study, NCTS did not affect the protein expression of COX-2. However, its effect on the mRNA expression of COX-2 and COX-2 activity needs remain further study to elucidate.
Macrophages produce NO and pro-inflammatory cytokines in response to LPS. This NO production can be controlled by selective pharmacological inhibition of distinct nitric oxide synthase isoforms. NO is recognized as a potential mediator and regulator of inflammatory response 36 . NO generated by iNOS is involved in immune-modulatory mechanisms. As mentioned above, NCTS successfully inhibited the increased iNOS expression induced by LPS. It also reversed the production of NO in a time-dependent manner, which is similar to that of tanshinone II A and cryptotanshinone 19, 32 . This suggested that inhibition of NO production could be a potential mechanism in NCTS's antiinflammation effect.
The NF-κB signaling pathway plays a key role in inflammatory process in macrophages. NF-κB is activated by the phosphorylation, ubiquitination, and subsequent proteolytic degradation of the NF-κB-bound IκB via activated IκB kinase (IKK). Here, we found that the phosphorylation of IκBα, IKKβ and NF-κB p65 were inhibited by NCTS treatment. Furthermore, the translocation of p-NF-κB p65 was also inhibited by NCTS. This effect of NCTS on NF-κB pathway was in line with that of tanshinone IIA and cryptotanshinone 28, 30 . Thus, inhibition of NF-κB pathway might be a potential mechanism of NCTS.
In conclusion, this study provided evidence that NCTS showed anti-inflammatory effect of NCTS in vitro. This function of NCTS might be mediated through suppression of NF-κB and iNOS signaling pathways. Figure 6 Effects of NCTS on the nuclear translocation of p-NF-κB p65. Without LPS stimulation, basal p-NF-κB p65 distributed in cytoplasm with green fluorescence and nucleus in blue fluorescence by Hoechst 33342. 500 ng/mL of LPS incubated with RAW264.7 induced nuclear translocation of p-NF-κB p65, merged images indicated a cyan fluorescence in the nucleus.
